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Abstract 

This paper gives a  qual i ta t ive  description of semiconductor/ 

semiconductor heterojunction solar  c e l l s .  The two groups of 

heterojunctions of grea tes t  economic potent ia l ,  very highly 

e f f i c i en t  c e l l s  fo r  concentrator applications and moderately 

e f f i c i en t  thin fi lm c e l l s  for  f l a t  plates ,  are  described with 

examples. These examples i l l u s t r a t e  the role of heterojunc- 

t ions in surface passivation, mono1 i t h i c  mu1 t i  juncrion de- 

vices,  devices with semiconductors of only one conductivity 

type, and low-temperature fabi-ication techniques. 
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I n t r o d u c t i o n  

H e t e r o j u n c t i o n  so ' la r  c e l l s  a r e  composed o f  two d i f f e r e n t  mate- 

r i a l s  - two semiconductors ,  a  semiconductor  and a  meta l ,  o r  a  semiconductor 

and an e l e c t r o l y t e .  I n  t h i s  paper we w i l l  cons ide r  t h e  f i r s t  o f  these  t h r e e  

types .  Semiconductor/metal  ( S c h o t t k y  b a r r i e r )  and semiconductor/electrolyte 

c e l l s ,  though f r e q u e n t l y  s i m i l a r  i n  dev i ce  s t r u c t u r e ,  a r e  u s u a l l y  cons idered  

t o  c o n s t i t u t e  separa te  c l asses  o f  s o l a r  c e l l s .  The reade r  i s  r e f e r r e d  t o  

t e x t s  on s o l a r  c e l l  s  (Hovel 1975) and on h e t e r o j u n c t i o n s  (M i l nes  and Feucht 

1972, Sharma and Puroh i  t 1974) f o r  d e t a i l e d  background. 

A p h o t o v o l t a i c  c e l l  combines two f u n c t i o n s  t h a t  p e r m i t  con- 

v e r s i o n  o f  photon f l u x  t o  e l e c t r i c  power. One, numerous semiconductors 

e f f i c i e n t l y  absorb s o l a r  r a d i a t i o n .  Two, a  space charge can be i n t r o d u c e d  

i n  a  semiconductor  when i t  i s  made i n t o  a  d iode .  Th i s  space charge  sepa- 

r a t e s  t h e  p h o t o e x c i t e d  e l e c t r o n  f r om t h e  unoccupied ground s t a t e ,  t h e  ho le ,  

thus  p roduc ing  a  p h o t o c u r r e n t  w h i l e  r e t a i n i n g  p a r t  o f  t h e  energy o f  t h e  i n -  

coming photon as pho tovo l t age .  

A l l  t ypes  o f  s o l a r  c e l l s  r e l y o n ,  t h e  l i g h t  a b s o r p t i o n  prop-  

e r t i e s  of semiconductors .  The a b s o r p t i o n  process o f  i n t e r e s t  here  takes  

p l ace  t h rough  e x c i t a t i o n  o f  an e l e c t r o n  f rom t h e  va lence t o  t h e  conduc t ion  

band. The lowes t  photon energy f o r  t h i s  band-to-band a b s o r p t i o n  c o r r e s -  

ponds t o  t h e  v a l u e  o f  t h e  o p t i c a l  band gap. I n  d i r e c t  gap semiconductors 

4  -1 
t h e  a b s o r p t i o n  c o e f f i c i e n t  a i s  h i g h  ( > I 0  cm ) f o r  a l l  ene rg ies  above t h e  

band gap. V i r t u a l l y  a l l  h e t e r o j u n c t i o n  c e l l s  under s tudy  a r e  based on 
h. 

d i r e c t  gap semiconductors .  The o n l y  i m p o r t a n t  i n d i r e c t  gap m a t e r i a l  i s  

s i l i c o n  whose a b s o r p t i o n  c o e f f i c i e n t  i s  smal l  near  band gap photon ene rg ies .  

Band-to-band a b s o r p t i o n  c r e a t e s  e l e c t r o n - h o l e  p a i r s  w i t h  ade- . 

quate l j f e t i m e  f o r  e f f i c i e n t  s p s t i a l  s e p a r a t i o n  processes t o  ope ra te .  The 



l i g h t  abso rp t i on ,  o r  charge s e p a r a t i o n  i n  energy, a r i s e s  f r om a  b u l k  prop-  

e r t y  o f  a  g i v e n  semiconductor .  The charge sepa ra t i on  i n  space - r e s u l t i n g  

i n  an e l e c t r i c  c u r r e n t  - depends on t h e  way i n  which t he  semicoductor  has 

been made t o  a  d iode.  

. A d iode  i s  formed when two semiconductors w i t h  d i f f e r e n t  

e l ec t rochemica l  p o t e n t i a l  s  o f  t h e  e l e c t r o n  (Fermi l e v e l s )  a r e  j o i n e d .  The 

d i f f e r e n c e  i n  p o t e n t i a l s  causes e l e c t r o n s  t o  f l o w  f rom t h e  semiconductor 

w i t h  t he  h i g h e r  Fermi l e v e l  t o  t h a t  w i t h  t h e  lower .  The r e s u l t i n g  excess 

p o s i t i v e  charge, i n  t h e  f o rm  o f  i o n i z e d  i m p u r i t i e s ,  remains as a  shee t  o f  

space charge a d j a c e n t  t o  t h e  j u n c t i o n  between t h e  two semiconductors .  L i k e -  

w ise  a  sheet  o f  n e g a t i v e  charge i s ,  i n t r o d u c e d  on t h e  s i d e  o f  t h e  j u n c t i o n  

w i t h  i n i t i a l l y  l owe r  Fermi l e v e l .  T h i s  space charge induces an e l e c t r i c  

f i e l d  whose magnitude depends on charge d e n s i t y  and p o s i t i o n  by Po i sson ' s  

equa t ion .  A charge c a r r i e r  t r a v e r s i n g  t h e  f i e l d  e i t h e r  ga ins  o r  l oses  an 

amount o f  e l e c t r o s t a t i c  energy t h a t  i s  e q u i v a l e n t  t o  t h e  so c a l l e d  d i f f u -  

s i o n  o r  b u i l t - i n  v o l t a g e  o f  t h e  d iode .  The d i f f u s i o n  v o l t a g e  equa ls  t h e  

d i f f e r e n c e  i n  Fermi l e v e l s  b e f o r e  j u n c t i o n  f o rma t i on .  A f t e r  j u n c t i o n  f o r -  

mat ion,  t h e  Fermi l e v e l  i s  equal t h roughou t  t h e  dev i ce .  T h i s  i n  f a c t  i s  

t h e  e q u i l i b r i u m  c o n d i t i o n .  The d i f f e r e n c e  i n  e l e c t r o n  c o n c e n t r a t i o n  be- 

tween t h e  two p a r t n e r s  i s  e x a c t l y  ba lanced b y  t h e  p o t e n t i a l  d r o p  across 

t h e  j u n c t i o n .  

A homojunc t ion  d i ode  c o n s i s t s  o f  one semiconductor  whose 

Fermi 1 e v e l . i n i t i a l l y  has been b rough t  t o  two d i f f e r e n t  va lues  by d i s -  

s o l v i n g  d i f f e r e n t .  t ypes  o r  c o n c e n t r a t i o n s  o f  dopant i m p u r i t i e s .  I n  he te ro -  

d iodes,  made o f  two d i s s i m i l a r  semiconductors ,  doping s t i l l  p l a y s  an 

i m p o r t a n t  r o l e .  However, t h e  d i ode  c h a r a c t e r i s t i c s  a r e  a l s o  determined by 



t h e  d i f f e r e n t  p o s i t i o n  o f  t h e  two band gaps w i t h  r e s p e c t  t o  common r e f e r -  

ence l e v e l .  The band,gap p o s i t i o n  i s  convenient1.y expressed as t h e  e l e c -  

t r o n  a f f i n i t y ,  t h e  . p o t e n t i a l  d i f f e r e n c e  between t h e  conduc t ion  band edge 

and t h e  vacuum ( r e f e r e n c e )  l e v e l .  

H e t e r o j u n c t i o n  s o l a r  c e l l s  a r e  i n v e s t i g a t e d  n o t  mere ly  be- 

cause t h e y  o f f e r  ano ther  method o f  d iode  f o rma t i on .  To l i s t  a  s imp le  

c l a s s i f i c a t i o n ,  h e t e r o j u n c t i o n s  a r e  r e q u i r e d  f o r  o r  a r e  t h e  r e s u l t  o f :  

a )  su r face '  p a s s i v a t i o n  and h i g h  sheet  conductance; 

b )  mono1 i t h i c  mu1 t i  j u n c t i o n  c e l l  s; 

c )  semi conduc to rs  t h a t  e x h i b i t  o n l y  one c o n d u c t i v i t y  t ype  ; 

d )  f a b r i c a t i o n  a t  low temperatures.  

A l though t h i s  l i s t  i s  incomple te ,  a  d i scuss ion  o f  i t s  i tems 

w i l l  p r o v i d e  a  good o v e r v i e w ' o f  t y p i c a l  c u r r e n t  h e t e r o j u n c t i o n  research .  

Sur face  p a s s i v a t i o n :  

A ma jo r  advantage o f  d i r e c t  gap semiconductors w i t h  t h e i r  

h i g h  a b s o r p t i o n  c o e f f i c i e n t s  i s  t h e  a b s o r p t i o n  o f  a l l  i n c i d e n t  l i c j h t  w i t h -  

i n  a  smal l  d i s t a n c e  f r om t h e  s u r f a c e .  Wi th  p roper  placement o f  t he  j u n c t i o n ,  

photogenerated c a r r i e r s  need t o  t r a v e l  o n l y  s h o r t  d i s t ances  t o  reach t h e  

j u n c t i o n .  T h i s  m in im izes  t h e  o p p o r t u n i t y  f o r  e l e c t r s n - h o l e  recombina t ion  

i n  t h e  s e m i c o n d u c t o ~ .  Recombin.ation reduces t h e  e x t e r n a l  c u r r e n t  and t h u ~  

t h e  c e l l  e f f i c i e n c y .  Due t o  t h e  s t r o n g  abso rp t i on ,  however, a  s u b s t a n t i a l  

f r a c t i o n  o f  t h e  l i g h t  i s  absorbed between t h e  c e l l  su r f ace  and t h e  j u n c t i o n ,  

i n s t e a d  o f  below t h e  j u n c t i o n .  The charge c a r r i e r s  generated . .  . i n  . - t h e  t o p  

l a y e r  can d i f f u s e  t o  one o f  two e f f i c i e n t  s i n k s :  t h e  j u n c t i o n  whose f i e l d  

f o r c e s  c u r r e n t  t h rough  t h e  e x t e r n a l  c i r c u i t ,  o r  t h e  f r e e  su r f ace  which 

e f f i c i e n t l y  promotes recomb ina t i on  and thereby  reduces t he  pho tocu r ren t .  

The h i g h l y  d e f e c t i v e  f r e e  s u r f a c e  can be "pass i va ted "  t o  suppress s u r f a c e  



r ecomb ina t i on  by f o r m i n g  a  j u n c t i o n  between t h e  absorb ing  semiconductor and 

a l a r g e  gap semiconductor  t h a t  absorbs l i t t l e  o f  t h e  i n c i d e n t  l i g h t .  Th i s  

t y p e  o f  dev i ce  i s  c a l l e d  an ab rup t  he te rod iode ,  as t h e  j u n c t i o n  i s  p o s i t i o n e d  

w i t h i n  o r  a t  t h e  edge o f  t h e  space charge of t h e  d iode.  An.example i s  t he  

p-InP/n-CdS he te rod iode  (Wagner e t  a l .  1977) d e p i c t e d  i n  ' the upper h a l f  o f  

F i g .  1. Other  examples f o r  a b r u p t  c e l l s  a r e  p-Cu2S/n-CdS ( B a r n e t t  e t  a l .  

1978),  p-GaAs/n-A1As (Johnston e t  a1 .1977),  p- InP/n- ind ium t i n  o x i d e  

(Harsha e t  a l .  1977),  p-CuInSe2/n-CdS (Wagner e t  a l .  1977b),  and p-CdTe/n-CdS 

(Fahrenbruch e t  a l .  1976) .  Two c r i t i c a l  b u t  unreso lved  ques t i ons  p a r t i c u l a r -  

l y  w i t h  ab rup t  h e t e r o j u n c t i o n s  a r e  those o f  l a t t i c e  match, and o f  t he  i n t e r -  

f a c e  s t r u c t u r e  on an a tomic  s c a l e .  L a t t i c e  match, t h e  one-to-one c o r r e s -  

pondence o f  a tomic p o s i t i o n s  on e i t h e r  s i d e  o f  t h e  i n t e r f a c e ,  i s  cons idered  

a  requ i rement  f o r  an i n t e r f a c e  f r e e  o f  those  e l e c t r o n i c  d e f e c t  l e v e l s  t h a t  . 

c o u l d  promote u n d e s i r a b l e  recomb ina t i on  o f  e l e c t r o n - h o l e  p a i r s .  To da te ,  

no a b r u p t  h e t e r o j u n c t i o n  has been analyzed i n  s u f f i c i e n t  d e t a i l s  t o  d e t e r -  

mine i n te rphases  o r  v e r y  sha l l ow  type-conver ted  l a y e r s .  Resu l t s  o f  soph is -  

t i c a t e d  s u r f a c e  and t h i n  f i l m  ana lyses  a r e  l i k e l y  t o  expand t h e  c l a s s i f i c a -  

t i o n  scheme f o r  h e t e r o j u n c t i o n s .  

'Surface p a s s i v a t i o n  w i t h  a  l a r g e  band gap "window" l a y e r  can 

c o n t r i b u t e  t o  a  r e d u c t i o n  o f  t h e  s o l a r  c e l l  s e r i e s  r e s i s t a n c e  s i n c e  t h e  

window th i ckness  can be i nc reased  w i t h o u t  i m p a i r i n g  i t s  t r a n s m i t t a n c e  f o r  

s u n l i g h t .  The p h o t o c u r r e n t  f l o w s  l a t e r a l l y  i n  t h e  t o p  l a y e r  t o  reach  a  

c o n t a c t  f i n g e r .  A t h i c k e r  t o p  l a y e r  o f f e r s  l e s s  r e s i s t a n c e  t o  t h i s  c u r r e n t .  

He te ro face  s o l a r  c e l l s  f o rm  a  s p e c i a l  b u t  v e r y  i m p o r t a n t  

group o f  su r f ace -pass i va ted  c e l l .  P r i n c i p a l  examples a r e  c e l l s  based on 

GaAs w i t h  window l a y e r s  o f  l a r g e  band gap Gal-xAlxAs a l l o y s  (bo t t om o f  

F ig .  1 ) .  The t y p i c a l  c e l l  i s  a  s h a l l o w  homodiode o f  p- on n - t ype  GaAs 



covered w i t h  a  p-Gal -xAl  xAs l a y e r  (Hovel  1 9 7 5 ) .  The p-GaAs l a y e r  i s  formed 

d u r i n g  p r e p a r a t i o n  o f  t h e  c e l l  by  l i q u i d - p h a s e  e p i t a x i a l  growth o f  t h e  p- 

t ype  window l a y e r  on n - type  GaAs s u b s t r a t e s .  Dur ing  l a y e r  growth z i n c ,  t h e  

p- type dopant,  d i f f u s e s  i n t o  t h e  n-GaAs, c o n v e r t i n g  a  t h i n  l a y e r  t o  p-GaAs. 

Because of t h e  e x c e p t i o n a l  p e r f e c t i o n  o f  c u r r e n t  GaAs photodiodes and be- 

cause o f  adequate s u r f a c e  p a s s i v a t i o n ,  c e l l s  of t h i s  t ype  have reached power 

conve rs i on  e f f i c i e n c . i e s  c lose  t o  25%. Since t h i c k  window l a y e r s  can be grown 

t o  reduce s e r i e s  r e s i s t a n c e ,  such c e l l s  can be employed i n  concen t ra to r s  

p roduc ing  pho tocu r ren t s  o f  20 ampsres pe r  square c e n t i m e t e r  a t  1000 suns. 

M o n o l i t h i c  m u l t i  j u n c t i o n  c e l l s :  

Exper ience t o  da te  has shown t h a t  s i n g l e  j u n c t i o n  dev ices  a r e  

n o t  l i k e l y  t o  a t t a i n  h i g h e r  t han  -25% e f f i c i e n c y .  Cu r ren t  research  i n  h i gh -  

e f f i c i e n c y  c e l l s  i s  d i r e c t e d  towards s p e c t r a l  s p l i t t i n g :  t h e  c e l 1 , c o n s i s t s  

o f  two a c t i v e  dev ices ,  one respond ing  t o  t h e  s h o r t ,  t h e  o t h e r  t o  t h e  l c n g  

wavelength p o r t i o n  of t he  s o l a r  spectrum. The energy gaps o f  t hese  dev ices  

need t o  be a d j u s t e d  such t h a t  t h e  c u r r e n t s  produced a r e  equa l .  The semi- 

conduc to rs  employed here  a r e  a1 l o y s  o f  111-V compounds. An example of a 

proposed m u l t i p l e  ( i  .e .  d u a l )  j u n c t i o n  c e l l  i n v o l v i n g  two a c t i v e  homo- 

j u n c t i o n s  and two a n c i l l a r y  h e t e r o j ~ r n c t i n n z  i s  shown i n  F i g .  2. To t he  

l e f t ,  a t  t h e  su r f ace ,  a  t h i n  l a r g e  gap (1.9eV) l a y e r  p rov ides  s u r f a c e  p a s s i -  

v a t i o n .  A  second h e t g r c j u n c t i o n  t o  t h e  r i g h t  o f  t h e  ntpt t u n n e l  d iodes  

serves as t h e  c o n t a c t  between t h e  l a r g e  and t h e  smal l  gap m a t e r i a l s .  Note 
. . 

t h e  ' s im i  l a r i  t y  o f  each ha1 f o f  t h i s  dev i ce  t o  t h e  h e t e r ~ f a c e  c e l l  , dep i c ted  

i n  F ig .  1. The f i r s t  mono1 i t h i c  mu1 t i  j u n c t i o n  c e l l  has j u s t  been demonstrated 

a1 b e i t  n o t  i n  an o p t i m i z e d  f o rm  ( B e d a i r  e t  a1 . 1978).  Dual j u n c t i o n  c e l l s  a r e  

expected t o  reach  power .convers ion  e f f i c i e n c i e s  up t o  -35%. 



Semiconductors t h a t  e x h i b i t  o n l y  one c o n d u c t i v i t y  t ype :  

, dhen a s~m icnnd i~ r . t . n r  r a n  h~ prepared o n l y  n- .or o n l y  p - type ,  

f a b r i c a t i o n  of a  homodiode c e l l  i s  n o t  p o s s i b l e .  A number o f  a t t r a c t i v e  

cand ida tes  be longs t o  t h i s  group, among them n-CdSe, p-Cu2S, and p-Zn3P2. 

H e t e r o j u n c t i o n  c e l l s  can use such m a t e r i a l s .  The most prominent  example 

i s  t h e  p-Cu2S/n-CdS t h i n  f i l m  s o l a r  c e l l  t h a t  i s  d iscussed i n  more d e t a i l  

i n  t h e  n e x t  s e c t i o n .  

F a b r i c a t i o n  a t  low tempera tu res :  

Low p rocess ing  temperatures a r e  d e s i r a b l e  p a r t i c u l a r l y  

w i t h  p o l y c r y s t a l l i n e  t h i n  f i l m  c e l l s  t o  a v o i d  g r a i n  boundary d i f f u s i o n .  

D i f f u s i o n  o f  c o n t a c t  o r  s u b s t r a t e  m a t e r i a l s  a long  t h e  g r a i n  boundar ies o f  

t h e  semiconductor  l a y e r  f r e q u e n t l y  l eads  t o  shun t i ng  o r  s h o r t i n g  o f  t h e  

c e l l .  Reduct ion of shunt  e f f e c t s  t h rough  a  t h i c k e n i n g  o f  t he  semiconductor 

i s  u n d e s i r a b l e  as i t  ra i ses .  t h e  c e l l  c o s t .  There fo re ,  f a b r i c a t i o n  s teps  

t h a t  can be c a r r i e d  o u t  a t  low temperatures a r e  p a r t i c u l a r l y  a t t r a c t i v e .  I n  

genera l  , semi conduc to rs  produced a t  1  ow temperature a r e  more d e f e c t i v e  than  

those  prepared w i t h  conven t i ona l  methods a t  h i g h  temperatures.  Thus, low- 

temperature p rocess ing  i s  u s u a l l y  n o t  s t a t e - o f - t h e - a r t  i n  conven t i ona l  semi- 

conduc to r  techno logy  b u t  i t  i s  o f  ma jo r  i n t e r e s t  i n  t h i n  f i l m  s o l a r  c e l l  

r esea rch .  

Two examples f o r  c e l l s  t h a t  a r e  prepared a t  low temperatures 

a r e t h e  p-Cu2S/n-CdS and t h e  p-CdTe/n-indium t i n  o x i d e  c e l l s .  Both a r e  ab- 

r u p t  he te rod iodes  between a  p - type  absorber  (p-Cu2S, p-CdTe) and a n  n - type  

semiconductor "window" w i t h  a  l a r g e  bandgap (n-CdS, n-ITO).  

The Cu2S/CdS c e l l  can be prepared by severa l  techn iques .  

The " c o n v e n t i o n a l "  process c o n s i s t s  o f  evapo ra t i on  o f  CdS on to  a  m e t a l l i c  

s u b s t r a t e ,  e .g . ,  b rass ,  and b r i e f  (-10 sec. ) d i p p i n g  o f  t h e  CdS l a y e r  i n t o  



an aqueous s o l u t i o n  o f  cuprous c h l o r i d e  a t  80 t o  90°C. T h i s  d i p p i n g  i s  a  

t 
disp lacement  r e a c t i o n  i o  which Cu s u b s t i t u t e s  f o r  cdZ+ t o  t r a n s f o r m  CdS 

t o  Cups. I n  a  t h i r d  s tep ,  t h e  c e l l  i s  heated i n  a i r  f o r  -2 min.  a t  250°C 

t o  improve i t s  p h o t o v o l t a i c  c h a r a c t e r i s t i c s .  G r i d  m e t a l l i z a t i o n  t o  c o n t a c t  

t h e  Cu2S and e n c a p s u l a t i o n  f o l l o w .  

The Cu2S l a y e r  can a l s o  be prepared by a  d isp lacement  

r e a c t i o n  i n  t h e  s o l i d  s t a t e .  Here, Cu2Cl2 i s  evaporated on to  CdS and t h e  

s t r u c t u r e  i s  heated t o  -200°C t o  form Cues. Excess Cu2C12 and idC12 then  

a r e  d i s s o l v e d  b e f o r e  a p p l i c a t o n  o f  c o n t a c t s .  

I n  a  t h i r d  process,  a  "backwa l l "  Cu2S/CdS c e l l  i s  produced 

by a  sequence o f  s p r a y i n g  and d i p p i n g  techn iques .  I n  a  backwal l  c e l l ,  t he  

l i g h t  e n t e r s  th rough t h e  t r a n s p a r e n t  s u b s t r a t e .  Contact  t o  t h e  absorb ing  

semiconductor i s  made by con t iguous  thus  opaque meta l  1  i z a t i d n  ( F i g .  3 )  .. 

For  t h i s  backwal l  c e l l ,  a  f i l m  o f  conduc t i ng  g l ass ,  u s u a l l y  Sn02, i s  f i r s t  

prepared by sp ray ing  on aqueous s o l u t i o n  o f  SnC14 and o f  a  dopant (SbC1 3 )  

on to  t h e  shee t  g l a s s  s u b s t r a t e  a t  400 t o  600°C. The ,conduc t ing  g l a s s  f i l m  

o f  Sn02 i n  f a c t  i s  a  n - type  and degenerate ( h i g h l y  conduc t i ve )  semiconduc- 
-.--- -..--__.._. .___- ' _. 

t o r .  The n-Sn02 p r o v i d e s  t h e  c o n t a c t  t o  t h e  n-CdS. Two CdS l a y e r s  a r e  p ro -  

duced s e q u e n t i a l l y .  F i r s t ,  a  s o l u t i o n  o f  CdC12, A1Cl3 and t h i o u r e a  i s  

sprayed o n t o '  t h e  heated Sn02/g1ass s u b s t r a t e  t o  fo rm a  t h i n  (-lpm) l a y e r  o f  

p o l y c r y s t a l l i n e  CdS. T h i s  l a y e r  c o n t a i n s  a  second phase o f  a lumin ium ox ide  

(and p robab l y  hydroxyde)  i n  i t s  g r a i n  boundar ies .  Next,  ano ther  1 pm l a y e r  
,. . 

of i d s  I s  a p p l l e d  by s p r a y i n g  a  s o l u t l o n  f r e e  o f  a lumin ium compounds. 'I'he 

a lumin ium o x i d e  p r o v i d e s  e l e c t r i c a l  i n s u l a t i o n  o f  t h e  g r a i n  boundar ies 

and p e r m i t s  t o  b u i l d  c e l l s  w i t h  v e r y  smal l  t o t a l  CdS th i ckness  ( c e l l s  w i t h  

evapor%ated CdS use 20 t o  30 p111 11.1 i ~ k  1dyer-S) . Ttie Cu2S i s  prwduced by L11e 



d i p p i n g  process. A f t e r  a p p l i c a t i o n  o f  a  meta l  con tac t  t o  Cues, t he  c e l l  i s  

sealed w i t h  a  Pb-Sn ' a l l o y  f i l m .  

The sprayed c e l l s  have power convers ion e f f i c . i e n i i e s  o f  

o n l y  3 t o  5%, as compared t o  evaporated CdS l a b o r a t o r y  c e l l s  o f  -1cm 2  

area w i t h  up t o  9.15% e f f i c i e n c y .  However, the  sprayed c e l l  i s  i n  a  pre-  

p roduc t i on  s tage w i t h  panel s i  zes o f  approx imate ly  40x50 cm (Roder ick 

1978). 

Another h e t e r o j u n c t i o n  c e l l  t h a t  i s  prepared by what cou ld  

become a  mass-product ion technique i s  p-CdTe/n-Sn02 (Rod 1968).  This  

i s  a l s o  a  backwal l  t ype  c e l l  ( F i g .  4 )  whose f i r s t  f a b r i c a t i o n  s tep  i s  aga-in 

t h e  deployment o f  a  conduct ing Sn02 f i l m  on a  sheet g lass  subs t ra te .  Next, 

a  p-CdTe f i l m  i s  depos i ted  by an e lec t rochemica l  technique f rom aqueous 

s o l u t i o n .  The e l e c t r o 1 y t e . i ~  a  s o l u t i o n  o f  cd2+, t he  two counter -e lec t rodes  

a re  carbon ( t h e  i n e r t  e l e c t r o d e  f o r  c o n t r o l  1  i n g  t h e  Cd d e p o s i t i o n  r a t e )  and 

Te, an e l e c t r o d e  t h a t  i s  made t o  d i s s o l v e  con t i nuous l y  t o  p rov ide  Te. The 

c o n c e n t r a t i o n  o f  Te i'ons i n  t h e  e l e c t r o l y t e  i s  kep t  low t o  p reven t  CdTe pre-  

c i p i t a t i o n .  A pure Te l a y e r  i s  grown on t o p  o f  t h e  CdTe f i l m .  Th i s  p- type 

semiconductor p rov ides  an adequate c o n t a c t  t o  t h e  p-CdTe. Note t h a t  i n  t h i s  

c e l l ,  c o n t r a r y  t o  t h e  CupS/CdS c e l l  descr ibed above, t he  d iode i s f o r m e d  

between t h e  n-Sn02 c o n t a c t  and the  p-Cdle. This  c e l  I has s l~uwl ,  o n l y  1  t o  

2% convers ion  e f f i c i e n c y  i n  t he  l a b o r a t o r y .  Never theless,  i t  serves as a  

u s e f u l  i l l u s t r a t i o n  f o r  t h e  new techniques t h a t  a re  i n t roduced  t o  semi - 

conduc tor  technology as  a  conseqllence o f  t he  need f o r  p roduc t i on  o f  i nex -  * 

pensive t h i n  f i l m  s o l a r  c e l l s .  
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L i s t  o f  F i gu res  

F i g u r e  1. Examples of energy band s t r u c t u r e s  f o r  s o l a r  c e l l s  

i n c o r p o r a t i n g  an abr.upt h e t e r o j  u n c t i o n  ( t o p ) ,  and 

a  h e t e r o f a c e  h e t e r o j u n c t i o n  (bo t tom) .  

F i g u r e  2. Concept o f  an energy band s t r u c t u r e  f o r  a  m u l t i p l e  

j u n c t i o n  c e l l  w i t h  two h e t e r o j u n c t i o n s ,  two photo-  

a c t i v e  homojunct ions,  and one connec t ing  t unne l  

homojunct ion.  I l l u m i n a t i o n  i s  f rom t h e  l e f t .  

F i g u r e  3. Schematic c ross  s e c t i o n  o f  a  t h i n  f i l m  p-Cu2S/n-CdS 

s o l a r  c e l l .  L i g h t  f a l l s  on t h i s  c e l l  f rom t h e  

bot tom and i s  conve r ted  i n  t h e  Cu2S l a y e r .  

F i g u r e  4 .  Schematic c ross  s e c t i o n  o f  a  t h i n  f i l m  p-CdTe/n-indium 

t i n  o x i d e  c e l l .  L i g h t  i s  conver ted  i n  t h e  CdTe 

l a y e r .  Gt-ain b o u r ~ d a r i e s  a r e  n o t  shown. 



Types s f  Heterojunctions 

Heterof ace 





Pb-Sw 

/ EmcapsuBat ion 

/ Au Contact 
Cu*S 

/Pure 
CdS 

\AII 
\~oraduct in~ 

Glass 
 lass 

Substrate 



Metallization 
--T;! Contact 


	Abstract
	Introduction
	References
	List of Figures



